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The Fynbos and Karoo Biomes in South Africa have the highest concentration of threatened plant species of 
any temperate region in the world. The limited resources available for conserving these species should be 
used with carefully analysed priorities which take account of a complex suite of criteria. A two-stage analysis 
is described for this, employing the Uniter computer program which clusters and sequences threatened spe-
cies using evaluated priority criteria. In the first stage, the criteria are aspects of the need for conserving the 
species and in the second, their biological and practical ease of conservation. The species with similar 
profiles are grouped together, making the sequences more information-rich and a better guide for conserva-
tion planning. The methods are demonstrated using 20 Endangered and Vulnerable species from the Cape 
Peninsula. 
Die Fynbos- en die Karoo-biome in Suid Afrika het die hoogste konsentrasie bedreigde plant spesies van 
enige gematigde streek in die wereld. Die beperkte hulpbronne beskikbaar vir die bewaring van hierdie 
spesies behoort gebruik te word volgens prioriteite wat noukeurig ontleed is en met inagneming van 'n stel 
komplekse maatstawwe. 'n Tweestadium-analise word hiervoor beskryf, gebaseer op die Uniter-rekenaar-
program wat bedreigde spesies tros en rangskik deur middel van geevalueerde prioriteitsmaatstawwe. In die 
eerste stadium is die maatstawwe aspekte van die nodigheid om die taxons te bewaar en in die tweede, hulle 
biologiese en praktiese gemaklikheid vir bewaring. Die spesies met eenderse profiele word saamgegroep; 
sodoende bevat die sorterings meer inligting en is hulle 'n beter riglyn vir bewaringsbeplanning. Die metodes 
word met 20 Bedreigde en Kwesbare spesies van die Kaapse Skiereiland gedemonstreer. 
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Introduction 
The Fynbos and Karoo Biomes in the western Cape 
Province of South Africa have an exceptionally large 
number of endemic species threatened with extinction (Hall 
& Veldhuis 1985; Hilton-Taylor & Le Roux 1989). The 
Fynbos region's total of 1326 threatened plant taxa seems to 
be the highest concentration recorded for any temperate 
region. Based on the data for Vulnerable and Endangered 
species, the present rate of decline suggests that within the 
next 30 years there could be well over 100 further extinc-
tions, in addition to the 29 already recorded, unless urgent 
action is taken. It appears that most of the extinctions are 
caused by direct or indirect human pressures inflicted on 
taxa with often high levels of local endemicity. Two region-
al analyses in the Fynbos biome showed that the chief pre-
ssures are invasive alien plants and agriculture, and, closer 
to urban centres, housing development (Hall & Ashton 
1983; Hall 1987). Although pressures are less well docu-
mented in the Karoo Biome, they appear to follow a similar 
trend (Hilton-Taylor & Le Roux 1989). Deeply rooted 
economic expectations to extend severe pressures such as 
agriculture and urbanization over much larger areas may 
make in situ conservation of species lying in the path of 
development excessively costly. Alternative ex situ tech-
niques may have poor long-term prospects (Rebelo 1992: 
337). 
There are many lines along which justifications can be 
found for halting the general trend of declining species at 
the Cape. They are mainly cultural, economic and scientific 
(Hall & Veldhuis 1985). Effective conservation of so many 
threatened species will require the provision of adequate 
resources and careful planning to make the best use of them. 
A key part of this planning will be to assess which species 
and corresponding natural areas are both (i) most in need of 
urgent rescue and (ii) are easily conserved without an exces-
sive use of resources. At present the only guides to this for 
threatened plants are their grouping in the IUCN categories 
(Lucas & Synge 1978) and brief statements of urgency in 
reports on the better known species in the region's Red Data 
Book (Hall & Veldhuis 1985). Experience in compiling 
these reports showed that urgency was very difficult to 
judge in many cases, as it was compounded from many 
widely disparate variables. In most cases, only rough 
estimates of urgency could be made and these were cited in 
only four categories: maximum, high, medium and low. 
Published approaches are not very helpful in prioritizing 
the more critically threatened plants at the Cape. The IUCN 
categories of Endangered, Vulnerable and Rare are best seen 
as estimates of extinction trends which can be used as legal 
tools for reducing destruction of plants and for alerting the 
public to the severity of the damage to biotic diversity. This 
is borne out by their definitions, as follows (Lucas & Synge 
1978): Extinct: no individuals or propagules surviving, at 
least in the wild; Endangered: on the brink of extinction, 
likely to vanish if pressures causing decline continue; 
Vulnerable: likely to become Endangered with the continua-
tion of a current trend to smaller and fewer populations; and 
Rare (or, preferably, Critically Rare), at risk from being in 
small numbers but in no current danger of decline. The term 
threatened is used loosely for all species in these categories. 
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Other common terms in plant conservation literature are in 
hazard, used to indicate a risk of damage to a species; and 
population, defined as a group of organisms, belonging to 
the same species, that occupy a well-defined locality and 
exhibit reproductive continuity from generation to genera-
tion (Schonewald-Cox et al. 1983). 
Recently, the IUCN held a workshop in London to revise 
its categories, considering a range of options including 
estimated probabilities of extinction over given time periods 
(Mace & Lande 1991), but also incorporating a wider range 
of habitat and geographic data than at present (Mace et al. 
1992). However, although the new draft categories will 
assist with the prioritization process, they are not intended to 
provide a stand-alone means of prioritizing threatened taxa 
for conservation. 
Methods for making priority assessments were reviewed 
for use in the United States by Ayensu (1981). They can be 
illustrated by those used in California, New Zealand and 
Australia. In ranking the urgency of conserving threatened 
plants in California, the criteria of rarity, endangerment, 
vigour and degree of endemism were used (powell 1974; 
York 1987). For New Zealand plants, an endangerment 
number was estimated, placed on a linear scale from 
Extinct, through Endangered to Rare, Depleted and Local 
(Molloy & Davis 1992). In an earlier study (Given 1979), 
endemicity, accessibility and attractiveness were scored and 
the scores were totalled to give an overall threat index. 
Threat numbers were also estimated for factors of distribu-
tion, accessibility and attractiveness to the public, abun-
dance, reservation and site threat. These scores were presen-
ted un-merged in a summary of the conservation status of 
each threatened species (Given 1981). In Australia, priority 
was based on modified IUCN categories which included 
factors such as occurrence in a nature reserve (Good 1979; 
Briggs & Leigh 1988). 
In southern Africa, the following criteria were proposed 
for prioritization (Hall 1987): degree of rarity; evidence of 
decline; degree of artificial stress; species importance; and 
the ease of obtaining logistical support for the rescue 
procedure. The intensity of each variable was scored on a 
coarse scale from zero to the most severe state, a score of 3. 
The values were left un-merged. However, when trying to 
apply this, it was realized that many other significant 
variables were involved. Giving joint consideration to these 
variables is a general problem with prioritization. Trying to 
prioritize on only one variable or making a compound from 
many loses information and so weakens the sequencing 
procedure. 
As a solution to this problem, Holt (1987) pointed out that 
threatened species lie in a multivariate 'web' or hyperspace 
of factors . It is the job of the conservationist to detect where 
each species is moving in the hyperspace, and, if some are 
threatened with extinction, to try to shift these out of their 
respective danger zones by applying management techni-
ques. This places less emphasis on the recognition of 
discrete categories and more on specific local trends. 
Clustering techniques offer a way of exploring this by 
showing the relative positions of threatened taxa in the 
factor hyperspace. A method using clustering was demon-
strated for ten threatened species of Leucadendron (Protea-
ceae), using scores scaled as above (Hall 1988). 
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A valuable recent study by Given & Norton (1993) exam-
ined the use of assessing threat and setting priorities, using 
as an example a set of 47 threatened plants in New Zealand 
(Given & Norton 1993). Species were scored for 12 aspects 
of threat. These, with a further five properties, were used to 
assess priority for conservation. Priority and threat data were 
processed separately. Processing started with finding the 
score total for each species. This was used to put the species 
into a linear sequence, the authors duly noting the draw-
backs of this, particularly that two species may have the 
same total for very different reasons. The next step was to 
carry out clustering with the Bray and Curtis association 
measure and a flexible, pair-weighted, group centroid 
method for cluster fusion, with recognition of groups by the 
phenon line method in which a resemblance level is chosen 
which cuts enough cluster stems to make a convenient set of 
groupings (Sneath & Sokal 1973: 294 - 296). The groups 
were not sequenced but some had rather higher score totals 
than others. Useful observations were made about the safe 
and hazardous factors affecting the species in each group. 
Ordination was then carried out using detrended correspon-
dence analysis to show spatial distributions of species and 
correlations among the properties. The species plot showed 
very little evidence of discrete groupings. The species were 
plotted in the ordination space as glyphs representing four 
sub-divisions of the range of sequence values. This showed 
a very mixed scatter of species with different degrees of 
priority. It was further shown that, for the sample used, 
some properties were virtually redundant. The clusters for 
threat and priority were very different and it was concluded 
from this and other aspects that threat and priority must be 
viewed separately. 
The aims of the present paper are somewhat similar to 
those above: they are to develop prioritization criteria; to 
apply them to a sample of species using a joint method of 
clustering and sequencing; to analyse the characteristics of 
the prioritized groups particularly with respect to obstacles 
for conservation; and to compare the results with previously 
published ratings. 
Methods 
Analytical procedures 
A set of 20 threatened plant species (Table 1) was used to 
investigate the process of joint clustering and sequencing. 
The Uniter computer program is suited to this as it has a 
unique facility for rotating the dendrogram stems, as in a 
mobile, to place the items and clusters in a sequence ordered 
by some chosen criterion. Clustering could have been car-
ried out by one of a very large number of other methods 
(Anderberg 1973; Sneath & Sokal 1973; Abbott et al. 1985) 
but the Uniter program has been shown to be superior in 
meeting the several important criteria of a unifying theory 
for classification methods (Hall 1991a). Its central compari-
son system, homogeneity analysis (Hall 1967a), was deve-
loped from an information statistic based on entropy theory 
(Lance & Williams 1966). Studies at the time revealed 
widespread deficiencies in alternative methods (Hall 1967b; 
1%9a; 1969b). The deficiencies are not only caused by a 
lack of processing options; many are due to losses of infor-
mation and distortions that are revealed by departures from 
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Table 1 Published IUCN status and urgency ratings for 
conserving 20 Endangered and Vulnerable plant species 
from the Cape Peninsula, South Africa. The species were 
used to demonstrate a method for assessing conserva-
tion priority using clustering and sequencing 
Urgency 
EN" rating 
AnJimima (Ruschia) promontorii: 
Mesembryanthemaceae E Low 
2 Audouinia capitata: Bruniaceae V High 
3 DUlStella proteoides: Proteaceae V High 
4 Erica fairii: Ericaceae E Maximum 
5 E. heleogena: Ericaceae E High 
6 E. margaritacea: Ericaceae E Maximum 
7 E. paludicola: Ericaceae V Medium 
8 Euplwrbia marlothiana: Euphorbiaceae E Medium 
9 Gladiolus aureus: Iridaceae E Maximum 
10 Gladiolus jonquilliodorus: Iridaceae E High 
11 Leucadendron argenJeum: Proteaceae V Medium 
12 L. floridum: Proteaceae E High 
13 L. macowani: Proteaceae E High 
14 Moraea aristata: Iridaceae E High 
15 Nemesia micranJlw: Scrophulariaceae E Not cited 
16 Oxalis natans: Oxalidaceae E Maximum 
17 Pachites bodkini: Orchidaceae V Low 
18 Passerina paludosa: Thyme1aeaceae E High 
19 Serruria flagellaris: Proteaceae E Maximum 
20 S. trilopha: Proteace.le E Maximum 
" EN = Endangered or Vulnerable 
monotonicity and other intuitively expected results when 
tests are made with small data models. 
An example of such a distortion is the use of Euclidean 
Distance, either visually or as a coefficient, to represent 
informational dissimilarity. The average informational 
difference between the ends of a unit distance is 0.7 at 45° 
to the axes of a scatter diagram, but only 0.5 when it is 
placed parallel to one or the other axis. This 41 % informa-
tional distortion becomes less with reduced obliqueness 
between the two cases and it becomes worse with three or 
more dimensions. The trap for this is laid in semantics, 
confirmed in standard dictionaries where one of the mean-
ings of 'distance' is given as 'remotely resembling'. The 
distortion is serious as it affects observations from scatter 
plots, ordinations and related methods. Examples of loss of 
information are found in many grouping methods where 
continuously variable data must be reduced to only two 
states because the algorithm for testing resemblance cannot 
deal with more. 
An inspection of computer clustering packages such as 
Clustan (Wishart 1987) reveals a lack of the options used in 
Uniter for processing, such as sequencing items and clusters 
across the dendrogram by weighted criteria, or evaluating 
the quality status and characteristics of the clusters. Options 
are usually lacking for dealing with situations in the data 
such as intra-item variation, mixtures of quantitative and 
qualitative properties, or controlling the dilation of the 
classification around some items to provide for their 
contexts of likely allies, an important variable when 
sampling is thin. Some methods are poor at revealing natur-
al, polythetic groups whose properties may be riddled with 
583 
inconsistencies that have accumulated during their forma-
tion. These problems are far more serious than is generally 
realized, and because grouping touches on every field of 
knowledge, their correction has become a major imperative 
(Hall 1993). To help provide a general basis for this reform, 
a unifying theory has been developed for classification 
methods (Hall 1991a). The options in the Uniter program, 
written to meet both the tenets of the theory and the range of 
situations encountered in grouping, are described elsewhere 
(Hall 1991a; 1991b; 1993) and only those used in this study 
are briefly noted below. Copies of the program are 
avalilable from the author. 
In the terminology of the Uniter program (Hall 1991a), 
items such as species are clustered according to the profiles 
given by their various properties. Each property has a 
descriptor which describes its nature. The property's values 
are then listed, one or more for each item. After clustering, 
some properties are used as characters for characterizing the 
groups. In this study, the states are evaluated as classes and 
are termed scores. The items are usually species but may 
also be subspecies or varieties. 
Dilation was set at two-thirds of the maximum to prevent 
small clusters slipping unnoticed into larger groups nearby: 
such small clusters may represent groups with important 
contexts that should not be lost (Hall 1967b). This setting 
was preferred, on the one hand, to having no dilation at all 
(for maximum compactness for closed arrays with complete 
sampling), and on the other, to full dilation where too great 
a distinctness is given to minority groups and where averag-
ing of centroid homogeneities causes an unavoidable, slight 
loss of information (Hall 1967b; 1991a). Nearly all other 
clustering methods are maximally dilating. 
Uniter reports on the quality and characters of each 
cluster. The quality option chosen for this study is the 
cluster's compactness and isolation from its nearer neigh-
bours (Hall 1991b). Uniter lists and evaluates the numeri-
cally best characters for distinguishing the cluster from its 
nearest ally and from all other clusters (Hall 1968). It also 
gives an exact view of each group by listing its items, with 
their properties, in the dendrogram's sequences along with 
the mean, range and homogeneity value for every property. 
U niter does not aim to show correlations between properties. 
Such correlations may have a large element of accidental 
coincidence which cannot be separated computationally 
from functional parallelisms. The approach here differs from 
that taken by Given & Norton (1993). There is no attempt to 
suggest that some properties are redundant: even though 
they may have little effect on proportional cluster structure, 
there is always the unpredictable possibility that with 
another set of species they may bear important distinctions. 
The properties are chosen to be isologically as independent 
as possible, and where they are only partly so their contribu-
tions to overall resemblance are de-weighted. Given & 
Norton (1993: 59) use two properties which seem to be 
isologically similar and could have been de-weighted: mean 
population size and largest population size. 
Jointly with the clustering, the items and clusters are 
sequenced across the dendrogram by user-selected criteria 
such as typicality or the sizes of property values. The 
sequencing is constrained by the clusters' structures so that 
each sequenced group has an internal sequence of items. 
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Where property data are used for sequencing, the polarity is 
set so that items with smaller values are put on the left of 
any linkage. Visually, the joint clustering and sequencing 
could be imagined in three dimensions as a set of clouds of 
items lying scattered in space, with both themselves and 
their contents sequenced from left to right The sequencing 
criterion in this study is the weighted average of the proper-
ties' scores for each item, the properties being scored to the 
same polarity and scaled to a maximum of 100. The de-
weightings used for some of the properties are the same as 
those used in grouping and are explained below. Although 
information is lost in averaging the property scores for the 
sequencing process, much of it is retained in the structure of 
the clusters. The aim in clustering the taxa is to make the 
conservationist's task easier as the members of a given 
group are likely to need broadly similar management strate-
gies to make them safe. 
Property data 
Some properties have a very uneven accuracy among almost 
all of their absolute data values, particularly those with 
census data on rarity and rate of decline which are notori-
ously difficult to assess, especially in fire-cycled vegetation 
such as that of the Fynbos Biome (Boucher 1981). In view 
of this, it was decided to convert the absolute values into 
scores representing approximate classes. Ratios between 
scores are strictly avoided in coding data for use in Uniter as 
these lose information on the absolute states of the proper-
ties involved. Uniter's option of having more than one string 
of values for the items of a property (to make due use of 
intra-item variation) could not be applied in this study 
owing to the lack of information. 
Based on experience in evaluating sequential properties as 
scores in systematics, the limit of intuitive subdivision of 
perception with approximately understood variables is 
generally around 5 units (here, 0 - 4). This replaces the four 
units (0 - 3) proposed previously (Hall 1987). The under-
standing of some properties may be worse than this, so that 
their coding must be correspondingly coarser; perhaps 
reduced to only two states, 0 and 1. Uniter's default setting 
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for treating coarsely coded data was left unaltered for 
maximum effect. The treaunent de-weights the more coarse-
ly coded properties. It is also used to show whether the 
isolations between clusters are significantly larger than the 
mean property coarseness or not (Hall 1993). The strength 
of the de-weighting is based on the certainty that the 
unobtainably exact value does not lie in the other states, but 
occurs somewhere in the state that is cited. With three states 
0, 1 and 2, being convinced that the state is 2 gives a 
certainty that the item's score does not lie in the others. The 
certainty-based weighting factor for a three-state property is 
then 2{3 (or a 1{3 de-weighting). Likewise, for a 2-state 
property, the factor is 1/2 and for 100 states it is 99/100 or 
nearly a 100% weighting. 
Where a datum for the property of an item is unavailable, 
a missing-value signal is given by a series of 9's filling the 
respective datum's field in the data table. Where a test 
grouping lacks some data the homogeneity function uses 
what other values exist for the property, and there is a 
proportional de-weighting that reflects the lower reliability 
of the result. Where there is a single value for a property in 
the test set, no contribution is made to overall homogeneity. 
There was no need to use Uniter's option of giving a proper-
ty local de-weighting for individual items as the reliability 
of the scoring seemed adequately constant in relation to the 
rather coarse scores (Hall 1993). 
An option was investigated of sequencing not just by the 
amount of hazard, but also by the properties' difficulties of 
curing the obstacles. A property's contribution to the overall 
sequence value is de-weighted on a scale from 0 (easily 
improvable) to 1 (incurable) as follows. For a given proper-
ty, each species' hazard datum is scaled to a maximum of 1, 
multiplied by the property's incurability de-weight, and the 
square root is taken of the product to give a linear contri-
bution towards the average sequencing value. Another ap-
proach would be to de-weight the properties which have 
milder obstacles to conservation to make them more equiva-
lent in conservation terms. This might solve one of the 
problems raised by Given & Norton (1993) in summing 
scores for priority sequencing, where the seriousness of 
Table 2 Property descriptors, score ranges and scores for the need analysis of the species listed in Table 1. 
Higher scores represent a greater need for conservation 
Taxa 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
(1) Fewness of populations (0 = >9 populations, 1 = 5 - 9, 2 = 3 - 4, 3 = 2, 4 = 1) 
4 004 4 440 4 4 0 3 2 4 4 4 2 3 3 2 
(2) Fewness of mature individuals in an average population (approximate scores 0 = > 1000, 1 = 500 - 1000, 2 = 300 - 499, 3 = 20 -
299, 4 = 1 - 19) 
400 0 324 4 4 0 3 4 4 323 3 
(3) Average sparseness of mature plants in average populations (0 = dense, 1 = frequent, 2 = sparse) 
2 1 2 1 2 1 2 222 1 1 1 2 2 
(4) Amount of historical and continuing decline (0 - 2) 
0 2 2 0 2 1 2 2 2 2 2 2 2 2 2 2 
(5) Intensity of damaging artificial stress in average population (0 - 4) 
1 2 4 2 3 2 2 4 4 4 3 2 4 4 4 4 
(6) Average closeness of populations to stress sources (0 - 4) 
1 2 4 2 3 3 4 4 4 4 3 2 3 4 4 4 4 
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some properties is greater than others. Most unfortunately, 
the weightings proved to be too variable and difficult to 
assess for this method to be of much value but it may merit 
further study. 
Two stages of clustering and sequencing were used. The 
first used properties based on aspects of the main mCN 
categories used in Red Data Books: the amounts of rarity, 
decline and threat (Table 2). It has the aims of bringing 
together species with similar patterns of conservation status 
and placing them in a cluster-constrained sequence of 
increasing average need for conservation. The second stage 
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uses properties that have obstacles to conservation, seen in 
the sense of the ease of taking curative action (Table 3). 
Given & Norton (1993) differ from this, seeing threat as 
forming most of the prioritizing properties. Their non-threat 
properties bear the 'politics' of curative actions such as legal 
protection of habitats. In the present study, the species' 
sequencing values from the two stages are considered 
together in relation to resource availability. 
To demonstrate the use of this method, 20 Endangered 
and Vulnerable species on the Cape Peninsula, South Africa 
(Hall & Ashton 1983) were chosen for analysis, covering a 
Table 3 Property descriptors, score ranges and scores for the ease analysis of the species listed in Table 1. 
Higher scores represent weaker obstacles and so greater ease of conservation. Some optional property 
descriptors for use in special cases are listed at the end of the table 
Taxa 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
(1) Lack of unexplained depression of vigour (0 - 2) 
1 2 2 2 0 2 0 0 2 2 0 2 2 2 0 2 
(2) Lack of living as small or periodic bottleneck populations (0 - 4) 
0 0 4 1 1 1 0 3 0 0 4 3 0 0 0 0 3 
(3) Lack of need for rare habitats for plant and associates (0 - 4) 
4 4 3 4 1 1 1 4 0 4 2 2 2 2 0 0 4 4 4 
(4) Smallness of areas needed for the plant's eco/evosystems (0 - 4) 
4 3 3 4 4 4 2 2 3 2 3 3 2 2 3 4 
(5) Lack of damage caused by over-frequent fires (0 - 2) 
0 2 1 2 2 2 2 2 2 
(6) Lack of damage by alien plants, browsers or pathogens (0 - 4) 
2 0 2 1 2 0 0 0 0 0 2 3 0 4 0 0 
(7) Abundance of viable seed or seedlings in natural succession (0 - 4) 
2 2 1 4 1 2 1 3 3 
(8) Estimated importance as a material and scientific resource (0 - 2) 
0 2 0 1 1 0 1 0 1 0 0 0 0 0 0 2 0 
(9) Aesthetic importance (0 - 4) 
3 3 3 1 1 4 4 4 4 2 2 4 2 2 2 
(10) Co-occurrence with threatened species or natural features (0 - 4) 
4 2 1 1 1 4 3 1 0 1 3 2 4 0 3 4 4 2 3 0 
(11) Amenability of land owners/users to temporary reserves (0 - 4) 
2 4 4 3 4 1 0 0 3 4 4 0 3 
(12) Ease of removal of damaging stresses in average population (0 - 4) 
3 0 3 2 2 2 0 0 0 0 2 3 0 4 3 0 2 
(13) Lack of need for short-term artificial means for survival (0 - 4) 
4 4 4 4 4 3 3 4 0 1 4 4 4 2 4 4 2 2 
(14) Ease of cultivation and transfer to reserve extensions or new areas (0 - 4) 
2 2 1 2 2 0 0 2 0 0 2 0 0 0 0 
(15) Estimated economic and planning acceptability of new areas (0 - 4) 
1 4 4 1 4 1 4 4 0 3 0 0 4 
(16) Availability of logistics for management and monitoring (0 - 4) 
4 3 0 1 4 1 2 1 1 1 3 4 4 0 4 2 2 
Further optional properties: 
Capability of surviving near cultivated lands 
Efficiency of pollinator/seed disperser systems for gene flow 
High allelic diversity within and between populations 
Seed longevity and generation overlap for genetic diversity 
Reproductive vigour in horticulture 
Practicability of seed-banking and repeated regeneration 
Practicability of tissue culture for boosting wild populations 
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range of combinations of rarity, threat, habitat and life-form. 
They are listed in Table 1 with the IUCN categories and 
urgency ratings estimated by Hall & Veldhuis (1985). The 
need and ease properties in Tables 2 & 3 were scored from 
field reports from 1974 - 1983 and from more recent 
records. 
Properties for need analysis 
An important concept of this stage is rarity, which has a 
variety of meanings ranging from locally endemic to exten-
sive but thinly dispersed (McIntyre 1992). Its various 
patterns were put into seven classes by Rabinowitz (1981). 
The classes were based on three interacting criteria: extent 
of geographical range, habitat specificity and local popula-
tion size. Ideally, one might wish to add dynamic aspects of 
rarity for transitional cases where it is increasing or decreas-
ing (Harper 1981). For instance, a newly speciated neo-
endemic may be rare while its distribution is enlarging. In 
other cases, naturally senescent species may be declining 
owing to sterility from inbreeding. Habitat changes which 
may drive rarity may vary from rapid to gradual. A common 
case is where habitat changes are too rapid for adaptation by 
a species which then declines through rarity to extinction. 
Still other species may be static, rare but safe. 
It may be too costly in research time and effort to show 
which of these dynamic aspects applies . A simpler approach 
sees rarity as forming three related properties: fewness of 
populations, small numbers of individuals in each and thin 
densities (Table 2). As the properties bear partial isological 
resemblance to each other (all record a similar aspect of 
conservation status), it seems best to de-weight their results 
so that together they contribute less influence to grouping 
and sequencing than would all three separately (Hall 1991a). 
To be in balance with the contributions from other proper-
ties it seems best to de-weight them to two-thirds of maxi-
mum strength so that in combination they contribute the 
equivalent of two properties to grouping instead of three 
(see Table 2). This decision is rather arbitrary. Despite the 
obvious need for de-weighting in cases of isology like this, 
no precise rationale for setting weight intensities has yet 
emerged. 
Rate of decline is another aspect of the need for a species' 
conservation. Unfortunately, evidence of the amount of 
historical and continuing decline is generally so poor that 
only coarse scoring with a few states may be possible. It 
would be ideal to score the changes in the same way as 
rarity, with properties for rates of decline in the numbers of 
populations, the quantities of plants in each, and their 
densities. It would also be ideal to base the scoring on 
declines over lengthy periods rather than on the usual two or 
three years or general historical trends given by collectors' 
notes on herbarium labels. Depending on the data available, 
the user may choose to mention as few as two states with 
some taxa lacking scores, or to use cases where the rates are 
well enough known to be classed in the same way as rarity, 
perhaps even with extra strings of values for variation 
among the species' populations. In this study only very 
coarse, three-state scoring could be used (Table 2). 
The intensity of damaging artificial stresses, caused or 
induced by humanity, is highly multi-factorial. The factors 
are difficult either to isolate or to assess with any precision, 
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so this aspect may be best left as a single property, coded on 
a 0 - 4 range with the help of a checklist of reminders of 
kinds of stress. Associated with such stress is ease of public 
access to a threatened species' habitats, which was used by 
Given (1981) as a key threat factor. This and related aspects 
may be given more generally as a further property; close-
ness to sources of damaging stress (Table 2). This property 
is reasonably independent of the degree of stress: for 
instance, the rare species' site may be next to a path but the 
plants may be overlooked by passers-by. In other cases, the 
nearness of a town implies threat from a host of urban 
factors . Other properties might be added for showing status 
and urgency for conservation such as usefulness to humanity 
or to ecosystems. However, the basic problems of low num-
bers, decline and threat are adequately enough covered by 
this stage's six properties and more would add to the work-
load with little extra benefit. A more detailed approach with 
16 properties is used in the next stage. 
Properties for ease analysis 
This second stage of grouping and sequencing uses proper-
ties which show the nature of the obstacles to be overcome 
to achieve species safety. The polarity for the coding runs 
from zero, representing the greatest obstacles, to the largest 
score for the property, which represents no problems and so 
maximum ease in conservation. No de-weightings were used 
other than those that are automatic for missing data and 
coarse coding, as the properties are isologically reasonably 
independent of each other. Properties commonly lacking 
data (as in this study) are listed as optional and are reserved 
for cases of special difficulty. 
The first two properties listed in Table 3 involve depres-
sion of general vigour which may bear fatal flaws for some 
species. It may be due to bottlenecks with consequent in-
breeding. Depression of vigour was difficult to evaluate and 
so was coded on a coarser range of only three states. Proper-
ties 3 - 6 relate to the species' ecology and evosystem 
(evolutionary system, a term compatible with ecosystem: 
Hall 1989). Property 7 records the species' potential for 
reproduction by seed, which in some cases may include 
aspects of vigour and lack of browsers and pathogens. 
The following nine properties (Table 3, 8 - 16) deal with 
more artificial, human-orientated issues in conservation. 
They start with two assessments of the species' importance. 
The first refers to importance as material and scientific 
resources. Material importance to humanity is generally 
under-researched for threatened species. It is important to 
screen plants close to extinction for potential uses for 
medicines, foods, perfumes, fuels, fibres, timbers, shelters, 
barriers and other aspects. Importance to science can be 
partly rated in terms of taxonomic distinctness (Williams et 
al. 1991). Taxonomically distinct species have scientific 
value for studies of their properties, relationships between 
taxa and phylogenetic origins. An example is Audouinia 
capitata (Bruniaceae: Vulnerable) which is distinct enough 
to form a monotypic genus, and its chromosome number and 
other features indicate that it is a primitive, isolated member 
of a distinctive, endemic Cape family (Goldblatt 1981). A 
detailed study of its ecology and reproductive biology has 
proved highly rewarding (De Lange 1993). On the other 
hand, Nemesia micrantha (Scrophulariaceae: Endangered) is 
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a member of a genus of about 74 species and so may rate 
much lower in taxonomic distinctness and in scientific 
importance. 
A more easily assessed property is aesthetic importance, 
rated as the contribution of the species to the quality of 
experience from seeing rare, unusual and beautiful plants in 
nature or in gardens (Table 3, property 9). Plants are 
resources that enhance both the quality of life and, of direct 
economic value, the tourist experience. If plant resources are 
skilfully presented to ecotourists (Sharpe 1976), with 
properly funded protection against damage, they can be a 
major, long-term regional source of income. This will apply 
increasingly in the future in the very rich floras of southern 
Africa which contain about 1I1Oth of the number of vascular 
species in the world (Gibbs Russell 1985). 
Degree of importance to nature, although a potentially 
significant property had to be omitted as it is almost 
impossible to score with any precision. Most rare species are 
currently trivial elements in ecosystems, their contributions 
being minor in comparison with more common species with 
probably closely similar functions. However, some rare 
species may be neo-endemics which are prevented by artifi-
cial obstacles from expanding their functional importance 
and geographical range. As to the future, there is little to 
indicate what the rare species' perfonnance may be in such 
climatic scenarios as global warming or reversion to another 
Pleistocene cold period. For instance, some plant species in 
the south-western Cape may have been stressed into becom-
ing rarer by the wanner and drier climates of much of the 
Holocene (Cockroft et al. 1987). Another important property 
which is unrecordable is potential for evolutionary radiation. 
A more easily assessed property is co-occurrence with 
other threatened species or natural features. This may help 
justify the conservation of the species' habitat as a nature 
reserve. An example was the establishment in 1985 of the 
1300-hectare Riverlands Nature Reserve near Mamre in the 
S.W. Cape, South Africa. The case for the reserve was 
strongly supported by the joint presence of a rare wetland 
habitat and 32 threatened species, many rated as urgent for 
conservation. 
The remaining six properties deal with the obstacles and 
ease of carrying out immediate and longer-tenn conserva-
tion actions. With so many threatened species in the Cape, 
there will have to be a great dependence on temporary 
reserves, with unavoidable restrictions on land-uses. This 
raises the major socio-economic difficulty of making the 
landowner interested enough to assist in this critical phase. 
Other practical issues include the logistics for taking urgent 
actions such as fencing off areas and the provision of 
adequate legal support. As an essential ex situ back-up for 
rescues of highly threatened species, samples of their seed 
should be obtained and kept in dry, low temperature storage 
(Gomez-Campo 1985). If this is impossible, a population 
should be grown in a botanic garden by methods which 
ensure the least possible impainnent of the gene pool. 
Other practical criteria include the ease of removing 
damaging artificial stresses from the plants' habitats, and of 
monitoring them for threats periodically into the distant 
future. This needs to be done over long time scales, of the 
order of perhaps hundreds of plant generations, until the 
pressures might be met by natural adaptation. Allowing 
declines to go unnoticed in the future could risk wasting all 
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previous funding and effort on conserving the species. 
Many of the practical obstacles noted in properties 8 - 16 
(Table 3) can be removed by negotiation. Landowners' atti-
tudes can be changed from unsympathetic to cooperative 
and laws can be enforced more finnly with higher penalties 
if magistrates sense better support for this in the community. 
In general the entire process of giving security to artificially 
threatened species depends critically on public interests and 
sympathies, and on the skill with which these can be pro-
moted by conservationists. 
Results 
The results of the sequenced clusterings based on the data in 
Tables 2 & 3 are shown in the dendrograms in Figures 1 
& 2, respectively. In both dendrograms the items are broken 
up into short sequences by the clustering. Unfortunately, 
much of the local data on cluster quality is of limited 
significance because of the coarse coding. The mean coarse-
ness of the properties used in the need dendrogram is 24.4% 
and in the ease, 23.3%, and no multi-item cluster quality 
result exceeds these values. For this reason only the clusters 
with quality values near these merit analysis (Hall 1993). A 
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Figure 1 Dendrogram to show the sequenced groups of need for 
conservation of the species in Table 1. The species are grouped 
and sequenced by the values in Table 2. The sequence values are 
given above the species numbers and the vertical axis is homo-
geneity. 
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conservation of the species in Table 1. The species are grouped 
and sequenced by the values in Table 3. The sequence values are 
given above the species numbers and the vertical axis is homo-
geneity. 
set of low quality clusters will, if it is isolated, have 
members likely to be within a particular informational 
region in the property hyperspace, but their internal relation-
ships may be in doubt owing to the coarse coding. An exam-
ple of this is the right-most cluster in Figure 2. Similar 
restrictions apply to heterogeneity changes on group fusions, 
used to show the best characters of groups. The structural 
terms for the groupings in the following discussion are 
defined elsewhere (Hall 1991a: 438 - 439). 
The need-sequenced dendrogram (Figure 1) has its spe-
cies with obstacles to conservation placed to the right, while 
in the ease-sequenced dendrogram they are placed to the left 
(Figure 2). This is shown, for example, by Gladiolus aureus 
which urgently needs conserving but, with its many obsta-
cles, will be difficult to make safe. The cluster structures in 
the two dendrograms are very different. In the need dendro-
gram, simple scoring and few properties produced four cores 
with pairs of items that are identical, while the ease structure 
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shows all cores being rather diffuse with their homogeneity 
values being less than 0.86 (Figure 2). While the associa-
tions of items at the high and low obstacle ends of the 
overall sequence are similar (but at the opposite ends of the 
two dendrograms), the groupings in the more central parts 
bear little relation to each other. The lack of correlation is a 
clear reflection of great differences between the need and 
ease data . 
In the dendrogram showing relative needs for conserva-
tion there are three clusters with higher quality values from 
15 to 20%, approaching the acceptable level of significance 
(24.4%) afforded by the coarse coding (Figure 1, items 4 ... 
7, 2 ... 3, and 20 ... 9). The remainder forms a central set 
with two cores linked to form a hazy cluster (Figure 1, items 
19 ... 6). The cluster with items 4 ... 7 is best distinguished 
from others by character 4 (little recorded decline, 39% of 
maximum distinctness). The most consistent obstacles to 
conservation are shown by Uniter to be in property 1 (con-
finement to single populations) and property 6 (closeness to 
stress sources). The next most important cluster with items 2 
... 3 is partly distinguished by characters 1 (more than 9 
populations, 54%) and 2 (over 1000 individuals, 46%). The 
greatest obstacle for conserving its species lies in proper-
ty 4, historical and continuing declines. Finally, the right-
most cluster with items 20 ... 9 is poorly distinguished by 
characters 5 (under high damaging stress, 32%) and 6 (close 
to stress sources, 25%). These two properties also show the 
most consistent hazards for the species, both uniformly 
maximum. The sequence values range from 45 to 100% and 
form a broad trend across the dendrogram with relatively 
minor local sub-trends within the clusters. 
In the ease of conservation dendrogram there is a major 
cluster with 10 members and a nearly significant quality 
value of 23 (Figure 2, items 6 ... 1). The remainder forms a 
series of hazy groups with cores of varying quality. The 10-
membered cluster is distinguished from the others by a 
number of characters, none on its own being particularly 
distinctive. Uniter used seven properties in combination to 
give a discriminant function that just manages to distinguish 
between the clusters with a 7% gap between their respective 
items' weighted and summed values. The best character is 
12 (relatively easy removal of artificial stress, 26%). Only 
one of the characters bears an obstacle to conservation that 
is serious to moderately so among the species; character 2, 
living as small or periodic bottleneck populations. The 
dendrogram's sequence values form a general trend ranging 
from 25 to 76% with a few local sub-trends. 
Figure 3 shows the priority sequence values for need 
plotted against those for ease. The distribution lies in a 
continuous elongated zone with a negative slope. This can 
be interpreted for priority management as follows. Ease and 
need should be related to resource availability for conserva-
tion. If the resources are very limited and there are no other 
factors involved, the easy species should be conserved first 
With greater resources, the more needful species should be 
tackled as well, and for the most difficult taxa, research 
should be carried out to apply the most cost-efficient rescue 
techniques. This interpretation is framed in broad terms in 
view of the objections to linear ranking systems (Given & 
Norton 1993) and the user should relate the results to those 
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Figure 3 Scatter diagram showing the distribution of the species 
listed in Table 1 in relation to their average priority values for 
need and ease of conservation. 
of the sequenced groups and their property data. It is interes-
ting that while most of the 20 species of the study were 
rated as Endangered in the IUCN categories, five are 
Vulnerable and these are confined to the upper left half of 
the range in Figure 3 (items 2, 3, 7, 11 & 17). 
Discussion and Conclusions 
The end-point in any conservation programme for Red List 
species is to make provision for their long-term safety. To 
do this entails not only removing critical stresses from their 
habitats but also arranging to monitor them periodically into 
the distant future. This should ideally be done on time-scales 
of some hundreds of plant generations, perhaps until the 
stresses are met by natural adaptation. Not to plan for these 
slow time-scales of evolution would be to risk wasting 
present-day funds and effort. Additionally, monitoring 
should detect any new artificial stresses. 
The first step towards achieving safety is to list threatened 
species in conservation categories. A variety of criteria have 
been used for the categories, most of which are comparable 
to those established by the IUCN, which are currently being 
revised (Mace et al. 1992). In the preamble to the draft of 
this revision, threat status is seen as a separate concept from 
prioritization (p. 19): 'In contrast [to threat], a system for 
assessing priorities for action will include numerous other 
factors, such as the likelihood that restorative action will be 
successful, political, economic and logistical considerations 
and perhaps the taxonomic distinctiveness of the taxon in 
question'. These numerous factors make prioritizing a multi-
variate problem. 
Among the many programs that are available for grouping 
items with multivariate data, the options available in the 
Uniter program are particularly suitable for these purposes. 
It sequences species within the informed context of the 
clusters it makes. It tells the user which clusters have the 
best quality values for recognition as groups and takes into 
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account the limited resolving power of coarsely coded 
property scores. It then displays the data of each grouping in 
the new item sequence, with homogeneity values for the 
best characters, both for distinguishing the group from 
others and for pointing out those which most consistently 
have the greatest obstacles to conservation. Uniter has 
important refinements such as controlled dilation and full 
provision for missing data values in every operation. No 
other grouping system has this range of relevant options. 
U niter also meets the theoretical criteria of a unifying theory 
for classification methods and gives appropriate results with 
small models of test data (Hall 1969a; 1969b; 1991a; 
1991b). 
Do the results obtained in this study bear this out? The 
dendrograms for need and ease of conservation show widely 
differing structures, confirming the importance of separating 
the two concepts. Five Vulnerable species in the study 
sample are more or less scattered among the Endangered 
(Table 1) in both dendrograms, although they tend to appear 
together in the scatter diagram of need and ease priority 
values (Figure 3: items 2, 3, 7, 11 & 17). The urgency 
ratings previously given to the species (Table 1, from Hall 
& Veldhuis 1985) are almost randomly scattered through the 
groups and sequences. Estimations seem to be inferior to the 
more precisely formulated, multivariate approaches. 
The nearest approach to these methods, that of Given & 
Norton (1993) combined sequencing with scatter plots of the 
species set by three ordination axes representing much of 
the variation of 17 properties for priority and 12 for threat. 
The species with higher sequence values tended to be a little 
more localized than others in the plots but no clear-cut 
groupings were evident. Reading the ordinations is made 
difficult by the informational distortion noted above for 
scatter plots. Another problem is that any minorities of 
species with rather different profiles from the usual may not 
be appropriately placed in the ordination. Clustering with 
controlled dilation is designed to cope with these outliers. 
As noted by Given & Norton (1993) correlation may in-
deed reveal redundant properties for the current set of items. 
However, the same properties may not be redundant in other 
sets with different values so it cannot be taken for granted 
that they could be eliminated in future studies. More seri-
ously, if the correlations are partly due to coincidence rather 
than functional relationships then their use to eliminate 
properties cannot be justified. It is in theory better to have a 
way of de-weighting properties by close isology alone (like-
ness in nature, content, origin, relative position and func-
tions: Hall 1991a), and to do this before clustering takes 
place. In practice, however, the de-weightings can often 
only be coarsely estimated whereas correlation can be 
precisely evaluated. Despite this drawback, the lack of 
involving coincidence makes de-weightings superior to 
correlations. 
For the present purposes, clustering seems to give a better 
background than > ordination for recognizing groups and 
using them as a context in which to read priorities. The 
clusters are efficient in bringing like profiles together and 
revealing isolated items, cores, hazes and other structures; 
weighting, dilation and precise sequencing systems are 
easily applied; and they lack the problem of having to 
convert distances in various directions into informational 
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differences. A problem is that generally only a few alterna-
tive linkages to the best can be illustrated to show webs of 
relationships where these exist (Hall 1967b) and it is here 
that ordinations may be superior. However, in most cases, 
the alternative linkages given by Uniter do not add substan-
tially to the main picture of clustering given by the best 
links. 
Of direct value is Uniter's listing of the species and their 
data in the cluster and item sequences given in the 
dendrograms, along with the properties' homogeneities. For 
each group of taxa of accepted significance, the manager 
can then see from the raw data which characters hold the 
greatest obstacles for conservation. This, with the grouping 
of like profiles, helps to compensate for the problem of two 
species having the same priority value for very different 
reasons (Given & Norton 1993). In the ease of conservation 
dendrogram, the most significant large cluster showed only 
one character with serious obstacles and even this was not 
perfectly consistent. The lack of uniformity among the 
properties is a reflection of the polythetic nature of the 
groups in which no property has to be perfectly consistent 
throughout a group. Polytheticness was further revealed in 
the generally poor distinctions that Uniter found between the 
clusters, where separation often relied on small contributions 
from many properties acting together. Poor group distinc-
tions here may be a result of the deliberately diverse set of 
cases chosen for the study: in a larger set the species might 
well acquire allies with similar profiles that would make the 
polythetic groups stronger (Hall 1991b). 
It is concluded that Uniter ' s methods provide the manager 
with a suitably detailed view of the conservation groups, 
sequences and obstacles that are essential for planning and 
achieving long-term species safety. The methods are suitable 
for use in regions with many threatened species and limited 
resources for their conservation, as in the Fynbos and Karoo 
Biomes of South Africa. 
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